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1
AIR SEAL ENCLOSURE FOR AN AERATOR

RELATED APPLICATIONS

The present application claims priority to U.S. Provisional
Application Ser. No. 60/536,623 filed Jan. 15, 2004, which
1s hereby incorporated by reference for all purposes, and 1s

a continuation-in-part of copending U.S. application Ser.
No. 10/961,566 filed Oct. 8, 2004, which claims the benefit

of U.S. Provisional Application Ser. No. 60/510,512, filed
Oct. 10, 2003.

FIELD OF THE INVENTION

The present invention relates generally to an air seal
enclosure for an aerator. In particular, the present invention
1s directed toward an air seal enclosure that provides a
pocket of trapped air like a diving bell during tlooding to
prevent tank liquid from ever reaching the bottom of an
aecrator used for sewage and wastewater treatment. Doing so
helps to prevent damage caused by flooding of the treatment

plant, as further disclosed in copending application Ser. No.
10/961,566.

BACKGROUND

Commonly assigned U.S. Pat. No. 5,316,668 to Tang
discloses a wastewater treatment plant comprising a pre-
treatment chamber, aeration chamber and a settling chamber
designed to mimimize or eliminate sludge buildup at the
bottom of the aeration chamber. Two support walls are
provided. The combined function of one support wall and an
angular portion at the bottom of the common wall between
the aeration and settling chamber 1s to regulate the flow
pattern 1n the acration chamber and return settled biodegrad-
able matter from the bottom of the settling chamber to the
aeration chamber for further treatment. The fluid flow cre-
ated by the wall structure enhances the action of the settling
chamber and eliminates dead zones 1n the aeration chamber
thus minimizing sludge buildup.

Commonly assigned U.S. Pat. No. 35,484,524 to
MacLaren et al. discloses a similar wastewater treatment
plant for removal of organic matter, suspended solids and
other pollutants comprising a pre-treatment chamber, a
biofilm-aeration chamber and a settling chamber. Biofilm
grows on biofilm support structure that 1s stationary and
submerged 1 the mixed liquor of the biofilm aeration
chamber. The combination of submerged or surface aeration
and suspended solids particle size reduction occurs thereby
creating a suilicient fluid flow within the biofilm aeration
chamber. This combination of sufhicient fluud flow, and
reduced size suspended organic particles results in the
eilicient digestion of organic matter and pollutants by the
biofilm growing on the biofilm support structure submerged
in the biofilm aeration chamber. This results 1n a vastly more
cllective digestive process than conventional processes pro-
ducing no sludge. Further, resulting treated eflluent has a
high dissolved oxygen content and low biochemical oxygen

demand (BOD) and suspended solids (SS).

This type of treatment system provides ellective waste-
water treatment before eflluent 1s discharged to an appro-
priate disposal area. In many parts of the country, disinfected
ellluent 1s discharged directly to open drainage ditches or
streams. For example, the JET series 1500 treatment system,
available from JET Inc. of 750 Alpha Dr. Cleveland, Ohio,
has been rigorously tested by the National Sanitation Foun-
dation. The system achieves NSF 40 Class 1 effluent quality,
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1.€., an ellfluent quality consistently better than 30 mg/L. BOD
and 30 mg/L TSS. In Massachusetts, the system 1s approved
for use to repair failed or failing septic systems. The reme-
dial use permit allows certain reductions of Title 5 leaching
area requirements. This system 1s particularly well suited for
use where small lots, high groundwater, and/or poor soils are
encountered and 1s currently undergoing pilot testing and
achieves some nmitrogen and phosphorus removal.

In operation, the system utilizes a motor driven aspirator
shaft that thoroughly mixes and disperses fine air bubbles
into the aerobic chamber of the treatment tank. This 1s an
activated sludge system, which uses both suspended and
fixed growth bacteria to achieve secondary biological treat-
ment. The aeration chamber capacity of 650 gallons for the
above-mentioned JET system allows a detention time of
more than 30 hours at design flow of 500 gallons per day.
Larger systems can handle higher flows. The benefits of such
systems 1nclude: superior effluent quality, dramatically
reduced need for further wastewater treatment; reduced
leaching area, or direct eflluent discharge after disinfection;
decreased separation to groundwater; eflective use of poor
so1l conditions; and increased the life expectancy of the
leach area due to discharge of high quality effluent.

Commonly assigned U.S. Pat. No. 5,599,452 to
MacLaren et al. discloses another wastewater treatment
system that relies on aeration.

U.S. Pat. No. 5,667,689 to Graves discloses a wastewater
treatment apparatus that includes at least an aeration cham-
ber and a clarification chamber having a common wall
therebetween, a transier port opening through the common
wall between a lower portion of the clarification chamber
and the aeration chamber, an aerator mechanism in the
acration chamber for creating wastewater flow currents
which flow through an inlet portion of a flow augmenting
device located 1n the common wall above the transfer port.
The flow augmenting device 1s a conduit or pipe having a
discharge outlet adjacent the lower portion of the clarifica-
tion chamber through which exits the tlow from the aeration
chamber resulting in solid particles being agitated and
returned from the clarification chamber lower portion into
the aeration chamber through the transfer port. It uses a
conventional aerator design.

U.S. Pat. No. 4,608,157 to Graves discloses a wastewater
treatment plant which includes pretreatment, aeration, final
clanfication and overflow/backwash chambers adapted to
receive a fluid, such as home wastewater, which 1s to be
subjected to extended aeration or aerobic digestion, the
aeration chamber including an aerator having a shait whose
lower end 1s normally received 1n the fluid which 1s to be
treated, an aerator foam detlector carried by the shaft which
under abnormally high fluid levels increases the torque on
the shait and, thus, indicates abnormal operation, the final
clanification chamber including a demand use filter, an
overtlow outlet operative should the filter become disabled,
and a backwash nozzle located in the filter by reverse
pumping therethrough fluid pumped from the overtlow or
backwash chamber. It uses a conventional aerator design.

U.S. Pat. No. 4,505,813 to Graves discloses a wastewater
treatment plant which includes pretreatment, aeration, final
clanfication and overflow/backwash chambers adapted to
receive a fluid, such as home wastewater, which 1s to be
subjected to extended aeration or aerobic digestion, the
aeration chamber including an aerator having a shait whose
lower end 1s normally received 1n the fluid which 1s to be
treated, an aerator foam detlector carried by the shaft which
under abnormally high fluid levels increases the torque on
the shait and, thus, indicates abnormal operation, the final
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clarification chamber including a demand use filter, an
overtlow outlet operative should the filter become disabled,
and a backwash nozzle located in the filter by reverse
pumping therethrough fluid pumped from the overtlow or
backwash chamber. It also uses a conventional aerator
design.

In these systems, the primary moving part is the motor
driven aerator and water damage 1s the most common cause
of aerator repairs. This damage occurs when the water level
in the tank rises to a point where 1t contacts the aerator and
occurs most frequently when there 1s a blockage of the tank
outlet.

Although one method to avoid water damage caused by
outlet blockage 1s the installation of an overflow valve, use
of these valves 1s not always possible and, even when used,
these valves are subject to blockage and can be over-
whelmed by heavy flooding.

FIG. 1 shows a typical aerator design of the prior art. In
this system there are multiple locations where leakage can
occur. The seal between the top enclosure and the top
endbell 1s a major leak point 1n this type of aerator. During
a flood of the plant, water rises through the aspirator,
aspirator shaft and rotor shaft and spills over the top of the
rotor shaft. The rubber disk that seals between the top
enclosure and the top endbell does not seal around the rotor
shaft at location 1. This provides an open path for liquid to
run freely into the interior of the motor.

The thru bolts are another leak point 1n this type of aerator.
When liquid rises to the level of the top of the top endbell,
liquid would run between the top enclosure and the top
endbell and enter the cavities around the thru bolt heads at
2 and drain down into the motor because the seal washers
under the screw heads fail to provide an eflective seal.

Another leak point 3 1s between the endbells and the stator
shell. There 1s no O-ring seal between the endbells and the
stator shell. This area 1s generally assembled by the motor
manufacturer and relies on material applied on the rotor
shell edges that dries up and becomes a leak point over time.

Yet another leak point 1s the lower seal. No grease 1s
applied to the lower seal beneath the bottom bearing short-
cning the seal life. When the seal wears down, as 1t always
will, 1t will begin to leak air out of the air seal enclosure,
negating the diving bell efiect and providing another leak
point at location 4.

What 1s needed 1s a water resistant aerator that resists
leaking and water damage, making the aerator longer last-
ing, less prone to damage from blockage, and more resilient
to wet environments.

SUMMARY OF THE INVENTION

The air seal enclosure for an aerator design of the present
invention includes a combination of waterproofing tech-
niques for wastewater aerators, including but not limited to:
use of a multisurface silicone sealant between the bottom
endbell and the air seal enclosure to provide a watertight
joint that prevents water from entering the air seal enclosure
from the side; use of a bottom lip seal or lower grease seal
or both to make the top of the air seal enclosure airtight; and
use of an air seal enclosure that traps air 1n a manner like a
diving bell when liquid levels begin to tlood the aerator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a prior art aerator design.
FI1G. 2 illustrates one embodiment of an aerator using the
air seal enclosure of the present invention.
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FIG. 3 illustrates an air inlet plate used in one embodi-
ment of an aerator using the air seal enclosure of the present
invention.

FIGS. 4-5 1llustrate end views of one embodiment of an
aerator using the air seal enclosure of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

In a preferred embodiment, a water resistant aerator and
a method for waterproofing it includes an air inlet cover over
an air inlet plate to collect the aeration air. For the body of
the aerator, a top endbell 1s attached to a top end of a stator
shell and a bottom endbell attached to a bottom end of the
stator shell. A motor 1s enclosed within the body and a
hollow rotor shait 1s mounted on a top bearing in the top
endbell and a bottom bearing in the bottom endbell. The
rotor shatt 1s coupled to said inlet plate at a first end, passes
through the top endbell to the motor and from the motor
through the bottom endbell where 1t 1s coupled to an
aspirator shait at a second end. An air seal enclosure of the
present invention 1s located between the bottom endbell and
the rotor shatt.

For waterproofing, the water resistant aerator further
comprises top and bottom lip seals between the endbells and
the rotor shatt, the lip seals each being a single lip seal with
at least 18 degrees of wear motion before pressure 1s lost. A
grease seal 1s located between the each lip seal and each
bearing. A multi-surface silicone sealant 1s preferably
applied between the bottom endbell and the air seal enclo-
sure. O-ring seals can be located between the top and bottom
endbells and the stator shell.

At the upper portion of the aerator, a lifting handle
couples the rotor shaft to the air inlet plate, wherein the
lifting handle includes a threaded attachment to the top
endbell and the threaded attachment included thread sealing
compound. Additionally, a plurality of bolts are used to
secure a periphery of the top and bottom endbells to each
other, wherein the bolts are located outside the stator shell so
as not to introduce through-holes that can leak.

Preferably, the top and bottom bearings are pre-lubricated
sealed bearings that have a running seal on either side. To
prevent drawing water droplets into the aerator, the air inlet
plate preferably has openings with a combined cross-sec-
tional area at least 4% times larger than the cross-sectional
area of the hollow portion of the rotor shaft. Locating the air
inlet plate Vis" (1.6 mm) below the air inlet cover helps keep
insects and other debris out of the aerator.

FIG. 2 1llustrates a cross sectional view one embodiment
of the water resistant aerator using the air seal enclosure of
the present invention. In use, aeration air enters through an
air 1nlet cover 11 through an air inlet plate 12 to a hollow
rotor shait 10. The rotor shaft 10 passes through a top
endbell 28 to the motor 30 and, from the motor 30, though
a bottom endbell 29 to feed air to an aspirator shait 32
coupled thereto by coupling 22. The rotor shaft 10 1is
mounted via bearings 16, 17 in each endbell 28, 29 and has
a seal 15, 18 associated with each endbell.

Various waterproofing details are provided in combina-
tion with the present invention to allow the aerator to be
water resistant, as disclosed 1n copending Provisional Appli-
cation Ser. No. 60/510,312. The air inlet cover 11 prevents
any water that enters the plant through the vent cap due to
hard rains or lawn sprinkling from entering the aerator. As
shown 1 FIGS. 3 and 4, the air inlet plate 12 above the
handle 25 has openings that are 4%~ times the area of the
opening 1n the rotor shaft 10. This results 1n low velocity air
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intake that 1s unlikely to pull 1n moisture droplets or airborne
objects. The top of air inlet 1s only Yis" below the air inlet
cover to further prevent objects and 1nsects from entering the
rotor and aspirator shaits. FIG. 5 1llustrates the other end of
the water resistant aerator shown 1n FIG. 2.

The threaded joint 13 between the lifting handle 25 and
the top endbell 28 has a thread sealing compound applied to
provide a watertight connection between these two parts.

The top lip seal 14 1s a single lip seal with over 18 degrees
of wear motion before pressure 1s lost. At that point, a very
large seal to shait surface interface exists to impede the tlow
ol moisture ito the motor’s interior. As illustrated 1n FIG.
2, O-rings 27 can be provided between the endbells 28, 29
and the stator shell 26 to waterprootf the joints. Although
illustrated with two O-rings, 1t 1s possible that the stator shell
26 can be integrated with one of the endbells 28, 29 so that
only a single O-ring 1s required.

As 1llustrated 1n FIG. 2, the air seal enclosure 21 1s
secured to the bottom endbell 29 at a periphery thereof and
1s shaped to form an end wall spaced 1n close proximity to
the endbell 29 that 1s substantially parallel to the bottom
endbell 29. The end wall has a small opening for the
aspirator shait, though which air 1s forced into the air seal
enclosure 21 as a liquid level rises. The hole preferably
includes a small, downwardly extending lip and has a
clearance with respect to coupling 22.

A grease-filled space, also referred to as a grease seal 15,
1s provided between the top lip seal 14 and the top bearing
16 to impede moisture from entering the motor 30. Simi-
larly, there 1s another grease seal 18 provided between the
bottom bearing 17 and the bottom lip seal 19 to impede
moisture from entering the motor 30. The top bearing 16 1s
a sealed bearing. This top bearing 16 has a running seal on
cither side, 1s pre-lubricated, and moisture cannot pass
through. Likewise, the bottom bearing 17 1s a sealed bearing.
The bottom bearing 17 also has a running seal on either side
and 1s pre-lubricated such that moisture cannot pass through
the bearing.

The bottom lip seal 19 1s a single lip seal with over 18
degrees of wear motion before pressure 1s lost. At that point
a very large seal-to-shait surface interface exists to impede
the flow of moisture 1into the motor’s interior. Multi-surface
silicone sealant provides a watertight joint 20 between the
bottom endbell 29 and the air seal enclosure 21 to prevent
water from entering the air seal enclosure 21. The air seal
enclosure 21 1s preferably made of a suitable flexible,
non-corrosive, water-impermeable material and 1s dimen-
sioned to extend over the endbell to seal against the aerator
shaft or 1ts coupling. The air seal enclosure 21 provides a
pocket of trapped air like a diving bell that prevents the tank
liguid from ever reaching the bottom of the aerator. The
entire aerator 1s preferably painted on the exterior to further
seal all joints and give enhanced corrosion resistance,
although this 1s not a requirement.

The bolts 24 extending between the top and bottom
endbells 28, 29 are preferably located outside of the stator
shell 26 so that they no longer act as a potential leak site.
Bolts 1n the bottom endbell 29 are used to secure the air seal
enclosure 21 of the present invention via holes 1n a periphery
thereol.

The only place where liquid can reach the interior of the
motor 1s 1f the liquid level of the tank rises during a tlood to
the point that 1t comes up through the aspirator, aspirator
shaft 32, and rotor shaft 10 to spill out over the top of the
rotor shaft 10. In one embodiment, this flood point 1s 934"
(24.8 cm) above the top of the tank interior and 2134" (55.2

cm) above the normal operating level of the plant. However,
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even 1f tlooding occurs to that level, moisture entry into the
clectrical interior of the motor 30 will be prevented by the
lip seal 14, the grease seal 15, and the sealed bearing 16.

In use, as discussed above, when the tank liquid level
reaches the bottom of the aerator, the air seal enclosure 21
provides a pocket of trapped air like a diving bell that
prevents the tank liquid from ever reaching the bottom of the
aerator. The lower pressure seals (lip or grease or both) on
the rotor shait 10 and the multi-surface silicone sealant serve
to keep the trapped air 1n the air seal enclosure 21. The air
seal enclosure 21 can further be optionally shaped such that
when the liquid pressure acts against the outside thereof, 1t
can collapse and form a seal against the rotor shait 10. In this
manner, the tank liquid 1s kept away from the aerator during
flooding.

In one embodiment, the present invention comprises an
air seal enclosure for an aerator which has the air seal
enclosure between the bottom endbell and the rotor shatt
with holes 1n a periphery of the air seal enclosure for
mounting to said endbell, wherein the air seal enclosure 1s
formed of a suitable flexible material.

In another embodiment, the air seal enclosure further
includes a multi-surface silicone sealant applied between the
bottom endbell and the air seal enclosure.

Another embodiment of the present invention 1s to a
method of waterproofing a wastewater aerator with an air
seal enclosure, comprising providing an air seal enclosure
between a bottom endbell and a rotor shaft of said aerator.
The method can further comprise applying a multi-surface
silicone sealant between the bottom endbell and the air seal
enclosure.

In another method embodiment, the air seal enclosure 1s
attached to the endbell with bolts through holes 1n a periph-
ery of the air seal enclosure.

Another embodiment of the present invention includes

forming the air seal enclosure from a suitable flexible
materal.

A system and method for creation and use of a water
resistant air seal enclosure for an aerator has been described.
It will be understood by those skilled 1n the art that the
present invention may be embodied 1n other specific forms
without departing from the scope of the invention disclosed
and that the examples and embodiments described herein are
in all respects illustrative and not restrictive. Those skilled 1n
the art of the present invention will recognize that other
embodiments using the concepts described herein are also
possible. Further, any reference to claim elements in the
singular, for example, using the articles “a,” “an,” or “the”
1s not to be construed as limiting the element to the singular.

I claim:
1. An air seal enclosure for an aerator comprising:

an air seal enclosure between a bottom endbell and a rotor
shaft, holes 1n a periphery of said air seal enclosure for
mounting to said bottom endbell, and

a central opening in said air seal enclosure with clearance
for the rotor shatt;

wherein the air seal enclosure 1s formed of a suitable
non-corrosive, water-impermeable material and 1s
shaped to form an end wall substantially parallel to said
bottom endbell 1n close proximity to said bottom end-
bell to trap air therein when a tank liquid level rises.

2. The air seal enclosure for an aerator of claim 1, further
comprising: multi-surface silicone sealant applied between
the bottom endbell and the air seal enclosure.
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3. A method of waterproofing an aerator with an air seal
enclosure, comprising:

providing an air seal enclosure between a bottom endbell
and a rotor shaft of said aerator;

including a central opening in said air seal enclosure with 5
clearance for the rotor shafft,

shaping the air seal enclosure to form an end wall sub-
stantially parallel to said bottom endbell 1n close prox-
imity to said bottom endbell, and

trapping air within the air seal enclosure when a tank 10
liquid level rises.

4. The method of claim 3, further comprising;:

applying multi-surface silicone sealant between the bot-
tom endbell and the air seal enclosure.

8

5. The method of claim 3, further comprising;:

attaching said air seal enclosure to said endbell with bolts
through holes 1n a periphery thereof.

6. The method of claim 3, further comprising;:

forming said air seal enclosure from a suitable non-
corrosive, water-impermeable material.

7. The method of claim 3, further comprising:
using said aerator for wastewater treatment.
8. The method of claim 3, further comprising:

including a downwardly depending lip on said central
opening.
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